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Abstract 



PROBLEM TO BE SOLVED: To obtain a curable compsn. excellent in scratch resistance by incorporating 
a condensate of a hydrolyzate of a tetraalkoxysilane aged after the addition of a specified amt. of water 
and/or a hydrolyzate of a low condensate of such an aged teraalkoxysilane with a reactive org. compd. 
SOLUTION: A mixture comprising 100 pts.wt. tetraalkoxysilane (e.g. tetramethoxysilane) or its low 
condensate, water in an amt. of O.OSmol or higher per mol of the alkoxy groups of the foregoning 
component, and 10-1,000 pts.wt. solvent (e.g. methanol) is mixed under stirring with 0.1-10 pts.wt. catalyst 
(e.g. a mineral acid) and aged at room temp, to give a hydrolyzate contg. fine particles having a wt.- 
average mol.wt. of 800-4,000 and an inertial radius of 40&angst or lower. 100 pts.wt. obtd. hydrolyzate and 
100-300 pts.wt. reactive org. compd. having at least two hydroxy- or alkoxy-reactive groups (e.g. a methyl 
methacrylate-based silane coupling agent represented by the formula) are condensed in the presence of a 
solvent to give a curable compsn. contg. the resultant condensate. 
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43-TT^ >-^Ji^#4ii:^tiJ*6<0T\ 

[0 04 0] N. «?SSaS(C«tO)SS^S:'fl3^{i. 
Jul»-f4^J:0t) J ^^B$(arg-f4* i . 2BJ 

iasBEiat*nijt«-c*4. ^c^, mxemic 



1 



(9) 



9-165450 



1 5 



1 6 



Ji^'7'f-;UXX^T-bx- h . =tJzT^lVXX Y V T-fe 
r-h. tyrT/UXXMJ^hX-K is*91-)V 

vrf-yuxxs/^i'-K fx ( ! J7+>\,xx; 

-/9 (T5yxf-;u) r-7S /Tntf/Ph 'J* 
isy>. N-£ (TS^xf-zP) r-7i;7Dt;W 
t^hifyy?^. N-/3 (TS/Xf-;l/) r~7 

syT'ntr^h'jx^^v^^v. r-rsyroe/w 

hW^yx7y, r-7$/7*Dtr/l'M/xl-#i' 
V7>\ N-7x-;U- r -T5y7"ot;Uh l J^ 

*>T't>#C^'7'f-^XXy7'-feT-h. N-/9 (T$y 

7 y o a * i axti 2 mj±tfrnifz$)%tfh a . 

t o o 4 1 3 . feLhl¥^L5t*^B3<0Sfl:ttta«fe 
#gfcJ5tII£8iBi (fllilftf'JxxTvK 'J*7 

[0042] 

msmi 

S5rjB3>r>^--ai/iagU-5:ft»tJt5 0 0m 1 050* 



■X*/-/W74g£Jn;L-Ca-£Utft. 0. 0 5%gS$ 
2 2. 2g£t0;u rti£6 5-CT-2^ SsJLSr*^ 

wi&i. rti&sau 3 0-c(c^sJT'#fflL. 

7)-«f*^Sfi¥^^fili;5 5 Of 

10 [0 04 3]*J^«ftft*jMWa**(J;iT. r r 
*'Jd"e-j top) +wt/7 
-fili5%Tfco*:. 9l»f|» 1 3 0rcaffl»Lfc79 

15 0T&-C#aU 3H«8KM*L^. £3LT*Wl 
4«0*yv-fi{i0. 2%Tf>r>tz. 

[00443 tmmnwm) zoLx%t>titts-? 

20 7gfcIx*/-/P6 2. 4 2g£»U iK^T-vl^ 
>*0. 3 1gftlWU(6. SOgfcSffllW:. **> 

h*x£0)0. 5 7=E/Hrc*S. iOffi^SiST'4 B 

trufsj tv&m-i. ) i'&tz. 

[00453 C«*ttTOTO» ±S2*> ClUHk^M 

au T»6*ifcftiftM (jar r *fijac«jAj tos, sio 2 

J8J8BS1 6SS%. 8. 1 vo 1%) . RVZtlZx. 
30 Si0a&giSi84. 3fig%. 2vo 1%) fcov* 



X&ig: 5 0kv. 2 0 0mA. Cu-Kafi^Ni-filterT-J£.-feft 
*¥»ftfr : ^>-r^-S3tXU -y MS8BSi= 2 Oca fl3l2path= 1 9cm 
iyh7VX • Xl)7h=80^«, S7tXiJ-yh=2 0 0//u, 
beam length= 1 6 mm 

-f-OfflJgfefr : Sffl. step scanffi Sf^ffiH 2 <9 =0.086-8. Ides 
90sec/point 

[004 6] x-^SilE : ^'•y^/7'7>'K«IEti^ 

)^fV7h : X'J bT«iEatX7-»JxS3ft{i»«fV7 
MTP-81 (O.Clatter; J .Appl.Cryst. , 10. 415 
-421 (1977) fc J: i. ) IrffifflLTt. 



405K [0 04 7] £*lA>ia-3&tfei-4a»$>Gu inie 
r(0SI=C exp (-H*Rg*/3) (I :»BJI 
H : Ufa*? b;K = 2 » s i n 2 ^/A ) . R 
g : C:Const, A =Cu-KaHSft. 2 

0-5&ina-6(C^t7t«(3, a^lHjACOV^T 
(i7. OA («^fcffiSi-ii:ll*SR= ( (5/3) 
Rg) «/**•). ^S9. OA) . ffl^^B^OV^TJJ 
6. OA («Jgi:<5S-fSi:*S7. 7A)T*->t. 
Sfe. 0-3S.y r IE-4 5:j£7- , Jx^L. 4^1 
^50 ^t(SS) cO^^^^^SrH-Tat/H-S^ 



< 10) 



ftm¥9-l 6 5450 



1 7 



1 8 



Tit ^it^-rf^* h^i/i/yy- ?tV ni- (ty? 
«^^Tt^X^mtJ:SM«fJ-ff-53t. 0-9* 



[00483 ( $*?**>ai5t ) mat a £ . arojiifr 



Shodex DEGAS (EWEISS) 
Shimadzu LC 6 A (S*S!ftf9r8) 

Tosoh TSK-GEL for GPC 

G-4000H. G-2000H. G-1000H (JK&V-^SS 



) 



[0049] 



[00 50] 



&iiS$5 : Shodex RI S E- 5 1 (fl*f*gt(i>tt) (BftttXH) 

T-^SKS: Shimadzu C-R3A (&jtgftf9r«) 
T-tWi. -.Way (PC-980 IX) 
*7^SS :4 0*C 

MS 

m& 

fh5bHD75V. 1. 0ml/# 



No. 


( 


*^fi) 






Mw/Mn 




1 


22.62* 


816 


1327 


1704 


1.28 


-73.12 


2 


23.02* 


676 


567 


583 


1.03 


-24.01 


3 


26.02* 


236 


269 


271 


1.01 


-2.34 


4 


26.15* 


228 


221 


222 


1.00 


-0.18 


5 


26.62* 


204 


194 


194 


1.00 


-0.35 


6 


27.15* 


182 


182 


182 


1.00 


-0.00 


7 


27.18* 


181 


181 


181 


1.00 


0.00 



919 

[0051] CKJGtttttSOlfeMe D »&ttA Sr . 
S^L 1 7 BHttftTttBLfctft, a+^^y-ipa 

4. 



40 



TCD (gjtiJS) 
[00 5 2 3 

% (0. 588mo 1 ) 
(1.2 3 3mo 1 ) „ 



18 0*C 

is ox: 

2 0 0*C 

He 4 0ml/# 
1 0 0mA 

Porapaq type Q 
WLtt><7)X?S-JUm±l 8. 8 
. x?/-;Uft{j5 6. 7% 
*<0filil. 2 1% (0. 06 



7 2mo 1 ) -CftS^t*»4>}lB$<rt*<0S«0. 3*50 



1393 1.52 
*008mol bKdiZ. Uii^T. fflJ&foA+OKJE 

fc, -Xh^glS. 5mo 1%. Xh*^S4 0. 8 
mol%, t HDdrx/US4 5. 2mo ! %fc&->£. 
[00533 CSftttSlfiMOHH] COftj£«g8 0 . 
5 8tt0C. »fflfa<OtMWi (TYyXV^i/isyy • 
H 'J rf^-fc**E* LttftA) 3 Bft. tf:yWR 
^7^7/5- MftBflS* (ft) m r K BM- 1 0 
0 3 j (^^CH 2 =CHSi (OCHs) sT'HSft 
4 . JSlTOEI&tf IWfciSV >T . r VTMSj t BSftrf 

) ) 1 6. 1 2fi»S8ai^*3. 3oaass (y? 

^•yr^-O^-fST^adf-v-StcWLO. 5 7*^ 
f»T*4. ) *E£Lfc (OT ribSMCj tu 
3) . £ft.fc2 5XX. 7BIBMWU:. ^OKftlfcC 

fiMtdtttSSte) «. 4 0. 9%TJ>9. OftA* 

(■+> >- , j*ifjg{i8 7%(cffl^-r^. znammc 



(11) 



«fB8T9-l 6 5450 



1 9 



CWiXivfc. 

[0054] C&j£%C^GC#ff. GPC*flr&tfS 
i-NMR#«f) GC (^;n7H MMGPC* 
(GCSI^fr) 

: &8®ftf5rK GC-14A 
i&S&ft : 4 0lC*»fe2 5 0lC (#ffi*K-F 

INJ 270r 
TCD 2 7 Or 
*l/^Ha: 75mA 

>J T-iiX : J?yJ*A 0 □ 

[0055] (GPCSfcg&ft) 
gS: TjQSOH HLC-8 0 2uR 
*5A:PLge 1 5£?ny 50A+100A+ 
100A (3*) 
THF 
1 m 1 / m i n 
: RI (U>^=8) 

: 4 ox: 

: 1 0 0V>f ?D'J7 
*6*LfcGC**-hfc#*H-10^13fc* GPC 
5C:5rf. Si-NMR* 
«rfcovvei± % fij£MCOHS^6 1 B«RV7 Bft 
<** . «W»«0HiBE*»fe4 Bft* 1 0 B&lcfflS ) <0 

[00 56] (Si-NMRflgftft) 

( 1 ) SIS: B r uke rttK MSL300 
(2) To-/ : l£Srn-r 
( 3 ) WXSfM : 
( 4 ) 9 0' 'WUX : 7 . 5 ju s 

tE : Wa t e r s 
5 A : PLge 1 



20 



TRUFS/VTMSj tB&^rrs. ) 1>H$*>42B$ 
ISM*. 1B8L 3BttaV7BflW« 
H«jM>7 4B«aft % 4Btt. 6Btt&tflOBtt£« 



iox:/*) 



20 



K 



DB-5 
He^(10ml/#) 
He^(40ml/#) 

* (5)119X1,419: 5S? 

<6)ftJtHBk: 12 8-5 120 

(7) SJ£&£: 24-25X: 

(8) Smfi: 2ml 

(9) HfttBBrlHK^rHy^A (Gd (NOa)3 ■ 
6H2O) WXtJ-MSm. 9X1. 38g/10m 
i IW2mi£i0 0juiaHnrrs. 
*£3l£r. H- 3 4 • 3 5(Cgr*\ 

[OO57]Hfe0«2 

tteftWil 0 0 0m lcOHoOAS^^^n^. fh 
7^h^^7>'24 2gi:7Dtl/^>j3-My 
>f-;Ux— r^/^xf-l^y^y 3-;l^yxf-;ux- 
x;^=9/iSfiJto^a2 9 3 g*Hnixa*Lfc 
0. l«$£<9*g&*3. 2gfcK»ic58. 6g$: 

a*Lfc«fc3oicjaTTaaint. iatmwL 

XJn*««FRlB«:ffv^3fi«ai (UlT r Ol£ffeD j 

H ifffiGPC 1 50C 
500A(5ju)l# + 1 0 0A(5/x)2# 



30 fJL 



K : ^1^3 OX:, ^7A4 0'C, --KyT3 0iC 
: iffllX^ 1 . 9 m 1 /m i n 
SB 8 : SSfm^aS -32X1 R I U/F S 

: 51i%f n (^^^Hl^S?) l0 0jui&A 
JKVHH CP-8000 



[0058] 



★ [«2] 

★ 

^-8 



No. 


( 4HPfi) 


ftW : 




Mw/M n 


wm% 


1 


24.97* 


783 


863 


1.10 


90.33 


2 


26.52* 


439 


440 


1.00 


6.74 


3 


27.37* 


339 


341 


1.00 


2.7S 


4 


28.49* 


250 


250 


LOO 


0.16 



2 1 



( 12) 



^¥9-1 6 54 50 

22 



717 

[0059] CWbttffilfiM<om»9l«««. w^Ri 

KBM-1003 (B|^:VTMS) ) 120. 1 gfc 
Ml. rtSi&S6 6-68*CT'28#SSSW-|.Ci:t=J: 

■f;U=9/lSSJt<0ig^S[217gSrJnx, n^-r^ 10 
■fr-fcSaWteB')**. rtfitfl 3 Or. Vtt&tfl 

jRLfcf ^y-^t**SlfT. feiftMfcVTMSOll 

£$JT'&S rfflJ&BjEj 6 7 0g£r*#Jt. 

E« ; n«ttiW*a«T»0. 5 0"CT4iIISI«#L 

[0060] C»«aiEOGC#«f. GPC^WD GC 
4Hfr&tfGPC4M«i. JJEa&£ftE*«ftA&. & 
SB ( 5TCUIT) rtTfiWU 1 BtttcWgLfc. SlJg 20 

(GCfl£&fr) SttWlOOAIbCOGCftffiftfcH 

t. JSSIS:. ia-4 7tC5?f . 
(GPCffl^fefr) I^IM^DOGPCSfettfclpJ 
t. I2-4 8tc5rf. 

[OO61]ifc|g011 

C»j£feOGC##f. GPC^Wat^S i -NMRf 

WS*»fe3Btt. 4B&. 6Hf^2St^l 0B^0?S2r. 
£&Wl«9Cffll#JtjCOGCfl-flK GPC^-flfSt/S i *30 



819 1.14 
-NMR##fD tB-ftffTGC#«f. GPCtftW 
Si-NMR#tfLfc. *£££@-14~16 s 26- 
2 9RI/0-3 6 • 3 7t3j<r*\ 
[0 06 2] JUM2 

Cx7^-yr5-^jD*^MIffi<7)GC^«f s GPCt}- 
ff] fx;^x5>-*-yr5- <ffitfft9H r KBM— 

1003 j ) 16. 1 2fifiS(CX^/-;U8 0. 33 
SSSB, *3. 3 01I«K^M4»0. 2 5SS 

-y 77 -<ntK*ftimi<zr>\ \x . §tM09 1 0 Cffifc 
*COGC4ttf. GPC^-ff) kB-r*ff l T. 4Mfft 
fc. 0- 1 7~2 05.y[l-3 0~3 3^ 

[006 3] JtBt#13 

CJftsKfe t ^7^7 T7-teK^^a«S-&?SOG C 

£oa&£flK)m^6 3BSlcmKLfc 

iSA>£> 10HI(y7V* 775 -Jn7k#&?jg£>ti?g*» 
4>7BI> £E&U:. E&flXfc4tiKGC4Hff&J:tfG 
PC4Mfr*lr-jfc. GC»«rf-^-h$-E-21{C. G 
PC#SH- J r-h£0-34fcjjrf. J3Lh. HKOSliS 

[0064] 
[«I3] 



(13) 



6 5450 



23 



24 





3 ft M 




(EUFS 
/VMS) 


3t2£PJ2 


(EUPS) 


Jt*«2 

VTHS©ft] 


i£«M3 
ItttVTHS 
ttHtttf 


mi 
mm 


BitC(VTMSifc) 




743*8 
(361) 




GC 
GPC 


BIO 
H2 2 




0 2 6. 


HI 7 
H3 0 




4 


1 


GC 

GPC 

Si-HHi 


HI 1 

02 3 

03 4 




Hi 4 
[32 7 
H3 6 


Hi 8 
H3 1 
HI 9 








GC 
GPC 


El 2 
H2 4 




HI 5 
H2 8 


HI 9 
H3 2 




10B& 




GC 

GPC 

Si-NHR 


H13" 

02 5 

03 5 




HI 6 
H29 
H3 7 


H2 0 
H3 3 


H2 1 


*&j£*&E0KttlB8$fi) 
&l£*sE( // ) 


GPC 

GC 

GPC 




H4 6 
04 7 
04 8 









El 0-2 K 
H2 2-3 3. 
H3 4-3 7 
H3 8 



4 7 
4 6. 



4 8 



GPC**f£D3KUratl/>^>j3-;i/ftfitt 



[0 0 6 5] ttz. GPC^mz^\f^Vrvt^U> 

gsaci7)G p c g^ft<07/H-ro 7 hf-^-hs. 

l«HP*iH&*HI-3 9ai«S-3fc:* iUBftia&ft 

JHMBSrB-4 0&tf«-4fc:. ifc«l« 2^)5/5 

r 7-^Jn*#B??8<9G P C tPSSfrfeOVJl/f-TQ «/ h 

f-+-hRl«^i4Mli£l2-4 1 * 4 5 

Jt®WI30ig-&fK^GPC^B$^{l:^v;^rn.y 
h**-h2ltf#^jHMRS:l2-4 3^l/^-6(C^ 
-f- SEfc:* **OTlO^ftCXlflfc«M3Offi^«|i0 
Ha3Bat 7 B ftOG P C f t - b 07;WD -y h 
£13-4 4 • 4 5£5?f. 

[00 66] C*teKJ&ftaiEB) 

(GC»*ftt*tJ:i«l8) (RUFS) Tli. 40 

mm BlftEW-CJiGCfrffttJV^Ttt. 0-14-1 

S. 'Jf^s^Ul^l. 3*«38«^)>^y- 
;uai/ r Jp7K^SI»J4!B5^^y«-;pr*S. 4. 7#£> 

7^7/7- { vtms) oin*4Mfflire«. a-i 

7 — 2 0T p S"f«^. 'Jf-yg^>f ix4 — 7^CCg 



9-12#4 c 2i*T*9. 12. 4-17. 3##3 
M*. *iUatKi4*il^ltTt(iajS<i*. -Tii^t* 
-?tf>[«I£kt GC-Mass^fflV^TIWfL«t»T 

*»fcG C TttSB-C * « t Otft £ £ k *WI Lfc . 
[0067] SaS*fcVTMSi:«rll^KJBS-fr 

fcaseaic-cii. h- i o-i 3fc^raMc. vtms 

S^2WrKI8L lBf£SI*3Bf*T\ VTMSOJO* 
*IHtoWatf>VTM St7)^C0jP7Kt»SI^|nH:^^ 
GC&ffifidit'v *MKCi!^V*£fc3Pffl*. JBC. 7 
BftTtiVTMSJn*#JWWi. i5i:/Lt'^ai$ix^:< 

i/7 V^v 75- (VTMS) ii^RlEtCiO. 

SrWttftt WfcSM* fc v T m s 2ni*#JSHfe Lfc 
H- 2 1 1 £tt«"fi> t . flf*(i VTM St^^mW 

mum h imwhhti zztfrt>i> est* htmi 

*. 4fc. H-4 7U:«^»K:ltttM2K:«v%T. »j£ 
Hi (RUFS : ffij£9HD ) i: VTMS£»LT, Mm 
TTISBSHTRlDS-frfefflaftE^o^Tt, VTMS 



(14) 



WHJT9-1 6 5450 



25 



26 



[00 68] (GPC#flf&&£«kSii!2) -ifO#? 
Sli. 0-3 8 tiictSUfcttfc Lfc#-5T . tf'JTotf 
Uy^'j3-;ujgffT*tf)3tt^T-$)5. (RU 
FS) H-2 6-2 9Slfl2-4 0ta- 

4fciS*1«fc. f3?S&3B~l 0 B&OfaTlififi^ 
4 3-104 6<0£BT1*« WBfl^SflSL 

(vtms) (n^tw^muz-o^xit. 0-3 0- 

3 3 -.4 1 • 4 2Ry«-5(C*-r«l^ MKSfc4 Oft 
-7 Btt»IBTUJtt¥iWH*C 1 8 6-3 7 2 Ofi 

zioiBi^tt&ftmx'bzzbimz, gpc## 

4 lCC5*t*e. VTMSJn*7>JgjS (DM5 B&) £ 
THF#f?U:?S£. 3BSJS®LSaa^UcfcCl^. 

T^fifttcttjafc^-^tL*^ thficj: 

[ 0 0 6 9 ] -3\ JftAft VTM S t £IB££JE$Ht 
rtrffljfc&cfciovvttts 0-2 2~2 5 ■ 3 9&VS- - 

3t^t«t. vTMsaaiDSfc2^ia~7Bf*«oiafii 

Vf-Z&T&T' 6 6 0-1082 oeBT®* dig* * 



*?&<tlX^ltf. |£B#t*(.c^fi2 0 0-4 0 0ft 
£OVTMS<OAcoan*7W£«5* { . WCifel>LT04£ 

7>tiv7y- ( VTMS ) {i8l-&RJ5(c J: 0 . jMtO 
fcL IHjfiMC«)Rjttt3B&V7Btt0>Sh. RtttK 

HSttatrawfc. 3Ba«ftfcvTMsaD**)B*tta 

O V T M S J D*#flmott4*#llS'?fc •) » -H<vm 

=? mmta lt £ t *» & t hst* * t »** . 

[0070] «. ±aUc»jR«3tVTMSOiD*7i-flf 

4 SRVftT&ftfiim.- 6 ZtU)>h. Zcr>m. 

£«B. FOgyttli (RUFS) fcffiJHF? 

A H«)VTMSJn*«-)!»Offl^*T*4it!6fiH*. 
ifc. St»W2fcJS^Tt. H-4 6lc*tlftfl» ( R 
UFS :gj£MD) tVTMSSrJoSftLT. SSSTFTffl 
20 ^fST-KKSHiTt. H-4 8*5lirtatlElC-3V\Tfc. V 

■ »fcVTMS#«EUt*fl:LTi**fc#;Ufl*. 
[0071] 
[^4] 



(«-8) c',H U F S/VT MS H«tt f i$ * 





M N 
X 10* 


M W 
x 10' 


M Z 
X 10* 


M V 
X 10*. 


/MN 


M Z 
/MW 


X 10* 


2 5*H« 


4. 12 


6. 60. 


9. 00 


e. so 


l. ec 


1. 49 


9. 25 


1 B« 


5. 68 


7.99 


11.21 


7.59 


1. 41 


1. 40 


9. 55 


3 Bft 


e. H 


9. 41 


IS. 60 


9. il 


1. 42 


1. 44 


9. 88 


7 B» 


T. 48 


10. 62 


IS. 91 


10. 82 


1. 45 


1. 4T 


9. 31 



MW : *ft¥*<3a* ft 
M z': Z ft 
M V ; fcff ¥*J#*ft 



[0072] 



(15) 



ftBTC^-l 6 5450 
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<»-4). ...RUFS ±ft©¥3»** 





MN 
X 10' 


MW 
X 10* 


M Z 
X 10' 


M V 
X 10* 


MW 
/ M N 


M Z 
/MW 


X 10* 


8 Bt* 


6.91 


a.is 


I. OS 


0.43 


1. 11 


1.15 


6.21 


4 Bfc 


1.06 




1. OB 


8.69 


1.12 


1.16 


. S. 11 




7.45 


9. 41 


t. 21 


9.46 


1.14 


1.30 


5. Z9 


1 0 Sift 


1.20 


10. It 


I. (0 


10.46 


1.28 


1. 94 


5. 5B 



MN : tt¥3#?« 
MW : ffift****** 
M Z : Z 



[0073] . [ ^ 6] 





M N 
x 10» 


MW 
X 10' 


M Z 
X 10' 


M V 
X 10* 


MW 
/MN 


M Z 
/MW 


X 10* 


4 0 d€t 


1.13 


1.66 


Z. 01 


1. 66 


1.07 


1.09 


2.44 




1.82 


3.0( 


6. 17 


2. 06 


1.13 


2. 99 


2. 54 




1. 90 


n 


9. It 


2. 19 


1.15 


4. 19 


2. 70 


4 wma 


ros 


3. 50 


1. It 


2. 50 


1.22 


7. 28 


2. 83 


1 Sft 


2.65 


2.63 


3. U 


Z. 93 


I. 11 


1. 10 


3. 20 


3 H& 


3. 13 


3.49 


3. 61 


3. 49 


1.06 


1. 09 


3. 36 


7B% 


3. 41 


3. 12 


4. 11 


1. 11 


1.09 


1. 11 


3. 53 



mw : *mv®$* a 

M Z : Z 



[0074] 



* *ta7] 



29 



(16) 
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30 



«-«> £fiSSB,"««« 





MN 
X 10" 


x 10' 


M Z 

x to* 


M v 

X 10' 


MW 
/MN 


M Z 
/MW 


©a 

X 10* 




3. Aft 
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(54) Title of Invention: CURABLE COMPOSITION, METHOD OF MANUFACTURING IT, 
AND CURED ARTICLES 

(57) Abstract: 

Purposes of Invention: To obtain a coating film which can be applied to substrates such as various 
kinds of boards, powders, fibers, etc., which has excellent properties, such as resistance to soiling, 
heat resistance, scratch resistance, weather resistance, acid resistance, chemical resistance, etc., and 
which can form a thick film with high hardness and bending workability without producing cracks; , 
to obtain cured articles which can realize marked effectiveness in adhesiveness between various 
kinds of matrices, such as FRP, artificial marble, etc., and fillers since it can be used to coat various 
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kinds of powder surfaces with glassy films and can be used together with various kinds of silane 
couplers; and to obtain excellent compositions which are very stable in liquids. 

Means of Achieving These Purposes: A curable composition which contains a condensate of a 
hydrolyzate of a tetraalkoxysilane and/or a lower condensate of it in a matured material* made by 
adding water to a tetraalkoxysilane and/or a lower condensate of it at 0,05 mol or more times the 
alkoxyl groups in the tetraalkoxysilane and/or lower condensate of it and maturing it, and an 
organic compound with 2 or more functional groups which can undergo a condensation reaction 
with this hydrolyzate. 

Claims: 

(1 ) A curable composition which contains a condensate of a hydrolyzate of a tetraalkoxysilane 
and/or a lower condensate of it in a matured material, made by adding water to a tetraalkoxysilane 
and/or a lower condensate of it at 0.05 mol or more times the alkoxyl groups in the 
tetraalkoxysilane and/or lower condensate of it and maturing it, and an organic compound with 2 or 
rtiore functional groups which can undergo a condensation reaction with this hydrolyzate. 

(2) A curable composition in accordance with Claim 1, characterized in that the hydrolyzate of a 
tetraalkoxysilane and/or a lower condensate of it in a cured material forms microparticlcs with 
inertial radii of 40 A or less. 

(3) A curable composition in accordance with Claim 2 in which the weight average molecular 
weight of the microparticles is 800-4000. 

(4) A curable composition in accordance with any of Claims 1-3, characterized in that the quantity 
of water at the time of maturing is 0.1 mol or more times the alkoxyl groups in the 
tetraalkoxysilane and/or lower condensate of it. 

(5) A curable composition in accordance with any of Claims 1-4, characterized in that the quantity 
of water at the time of maturing is 0.2 mol or more times the alkoxyl groups in the 
tetraalkoxysilane and/or lower condensate of it. 

(6) A curable composition in accordance with any of Claims 1-5, characterized in that 10-1000 
parts by weight methanol and/or ethanol per 100 parts by weight of the tetraalkoxysilane and/or 
lower condensate of it are present at the time of maturing. 

(7) A curable composition in accordance with any of Claims 1-6 in which the organic compound 
is a silane coupler. 

(8) A curable composition in accordance with any of Claims 1-7 in which the tetraalkoxysilane is 
tetramethoxysilane. 

(9) A curable composition in accordance with any of Claims 1-8 in which the non-volatile 
component in the solution is 10-70 wt %. 

(10) A curable composition in accordance with any of Claims 1-9 in which the appearance of the 
composition is a transparent liquid without precipitates. 

(1 1) A curable composition in which an organic polymer is compounded with the curable 
composition of any of Claims 1-10. 

( 12) A curable composition in which a pigment and/or dye is compounded with the curable 
composition in any of Claims 1-11. 
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(13) Cured articles obtained by curing any of the curable compositions of Claims 1-12. 

(14) Cured articles in accordance with Claim 13, in which the silica-converted concentration is 10- 
95 wt %. 

(15) Cured articles in accordance with Claim 13 or Claim 14, characterized in that a coating is 
formed on a metal or resin substrate. 

(16) A method of manufacturing a cured composition according to which 

a hydrolyzate of a tetraalkoxysilane and/or a lower condensate of it in a matured material, made by 
adding water to a tetraalkoxysilane and/or a lower condensate of it at 0.05 mol or more times the 
alkoxyl groups in the tetraalkoxysilane and/or lower condensate of it and maturing it, and an 
organic compound with 2 or more functional groups which can undergo a condensation reaction 
with this hydrolyzate are subjected to a condensation reaction. 

(17) A method of manufacturing a cured composition in accordance with Claim 16, characterized 
m that the condensation reaction of the hydrolyzate of a tetraalkoxysilane and/or a lower 
condensate of it and the organic compounds performed by compounded the two compounds and 
stirring them and/or letting them stand at room temperature. 

Detailed Explanation of Invention: 
0001 

Industrial Field of Application 

This invention concerns a curable composition and a method of manufacturing it; more specifically, 
it concerns a curable composition which has excellent properties, such as scratch resistance, 
transparency, heat resistance, weather resistance, solvent resistance, acid resistance, adhesiveness, 
etc., and which can be applied to substrates such as various kinds of natural and synthetic silica, 
iron, stainless steel, aluminum, and other metals, plastics, glass, wood, cement, and other 
manufactured articles, aluminum hydroxide, calcium silicate, calcium carbonate, magnetic powers, 
metal powders, and other powders, and glass, metal, or other fibers; a method of manufacturing 
such a composition; and cured articles. Organic coatings, typified by varnishes, have very beautiful 
appearances, but they have the drawbacks of being soft and easily marred, requiring several coats 
to be applied, which requires time to form the coating, etc. 

0002 

In recent years, moreover, attempts have been made to provide high hardness, heat resistance, 
chemical resistance, weather resistance, etc., which are the features of inorganic substances, to 
coatings which are these molded substances by adding inorganic elements to the organic 
substances. Examples of these are the fluorine resin "Rumifuron" (trade name of Asahi Glass Co.), 
obtained by polymerizing a fluorine-containing monomer, and silicon resins, such as "Zemurakku" 
(trade name of Kanefuchi Chemical Industries Co.), obtained by polymerizing a silicon-containing 
monomer. However, these fluorine resins are still soft and easily marred, as well as having the new 
drawback that they easily adsorb oily substances and are easily soiled. These silicon resins are 
ordinarily obtained by copolymerizing resin monomers such as silicon-containing monomers and 
acrylic monomers; since the quantity of the silicon-containing monomers added is limited by the 
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problems of white clouding of the polymerization solution or storage stability, etc., products with 
silicon contents in the resin component of 10 wt % or more (as Si02) do not actually exist. 

0003 

Thus, inorganic elements have been introduced into organic compounds at the molecular design 
stage, but there are limits to the quantities of inorganic elements which can be contained as long as 
these elements are introduced into organic monomers. That is, the number of inorganic elements 
which can be introduced into a specific organic compound is limited. On the other hand, methods 
have also been developed for protecting construction materials and structures from the natural 
environment with inorganic compounds in order to protect their beauty and extend their usable 
lifetimes. For example, there is the technology of coating metal surfaces with "amorphous 
substances having silicon and oxygen with polysiloxane bonds as their main ingredients"; an 
example of this is Japanese cloisonne. Cloisonne is made by applying a raw material powder with 
silica as its principal ingredient to a metal surface, such as copper, and then firing and dissolving it 
to form an inorganic amorphous coating. The advantages of coatings made by the "amorphous 
substances having silicon and oxygen with polysiloxane bonds as their main ingredients" 
mentioned above is that they have extremely high weather resistance, scratch resistance, acid 
resistance, and abilities to protect appearance. However, they also have drawbacks, in that they are 
very brittle and weak (i.e., they are brittle and easily fractured). 

0004 

Problems That the Invention Is to Solve 

Therefore, the inventors investigated ways of obtaining organic coatings with improved firing 
abilities by using the polysiloxane bonds of amorphous substances, such as the aforementioned 
cloisonne, in introducing silicon into organic substances, and at the same time solving the 
aforementioned problems associated with conventional resins and cloisonne; as a result, they 
proposed new coating compositions using tetramethoxysilane (Japan Public Patent Disclosure 
Bulletins Nos. 6-340848, 6-293782, and 6-306328; Japan Patent Application No. 5-296772; and 
Japan Public Patent Disclosure Bulletin No. 7-150102). 

0005 

However, although the coatings obtained from these coating solutions have excellent hardness, 
solvent resistance, and chemical resistance, the coating films obtained are thin and have insufficient 
flexibility, so that cracks are produced during working when the film thickness is made large, and 
further improvements have been desired. Furthermore, when they are used for coating inorganic 
powders, they have the effect of improving fluidity but the bonding strength with organic matrices 
such as artificial marble is insufficient, and in some cases there have been problems with 
insufficient strength, water resistance, and heat resistance. On the other hand, the inventors have 
proposed a suspension which contains special silicate hydrolyzates and which has excellent 
reactivity, forms coatings with high hardness and transparence, weather resistance, soiling 
resistance, etc., and has excellent stability in solution (WO 95/17349). However, this suspension, 
despite these excellent properties, is still insufficiently stable in some applications. 

0006 

Means of Solving These Problems 
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Therefore, the inventors performed careful investigations of these problems, as a result of which 
they discovered that cured articles which are transparent and have excellent properties can be 
obtained by applying a liquid composition which contains a condensation reaction product of a 
hydrolyzate obtained by hydrolyzing tetraalkoxsilanes under specific conditions and specific 
organic compounds; they also discovered that this liquid composition has excellent storage stability 
and maintains a high level of performance over long periods. Thus, they arrived at this invention. 
That is, this invention consists of a curable composition which contains a condensate of a 
hydrolyzate of a tetraalkoxysilane and/or a lower condensate of it in a matured material, made by 
adding water to a tetraalkoxysilane and/or a lower condensate of it at 0.05 mol or more times the 
alkoxyl groups in the tetraalkoxysilane and/or lower condensate of it and maturing it, and an 
organic compound with 2 or more functional groups which can undergo a condensation reaction 
with this hydrolyzate. 

0007 

Working Embodiment of Invention 

This invention will be explained in detail below. First, the tetraalkoxysilanes used in this invention 
are compounds shown by the formula Si(OR)4 (where R=alkyl group); among them, when 
tetramethoxysilane is used, the ultrafine silica powder mentioned below can be produced easily, 
and the properties of the coatings obtained are superior; therefore, the use of tetramethoxysilane is 
especially desirable. Tetramethoxysilane is a monomer (shown by the formula Si(OCH3)4) which 
can be obtained by publicly known methods, such as reacting silicon tetrachloride and methanol or 
metallic silicon and methanol. In addition, or instead, one can use oligomers made by partially 
hydrolyzing and condensing these monomers. However, it is desirable to use tetramethoxysilane 
monomer and/or oligomers of it which are obtained by reacting silicon and methanol for 
applications in which it is particularly necessary to remove impurities, because impurities can be 
easily removed by purifying the raw materials and problems such as equipment corrosion do not 
arise because hydrochloric acid is not a by-product. 

0008 

On the other hand, since the tetramethoxysilane monomer is toxic and requires caution in handling, 
it is desirable to use a lower condensate (oligomer) made by partially hydrolyzing and condensing 
it. In producing this lower condensate one can apply publicly known methods such as Japan Public 
Patent Disclosure Bulletin No. 7-48454. In this invention, first of all, water is added to these 
tetraalkoxysilanes and/or their lower condensates, in a molar ratio of 0.05 or more with respect to 
the alkoxy groups in them, and maturing is performed. The quantity of water added is not 
particularly limited, as long as it is in a molar ratio of 0.05 or more to the alkoxy groups, but is 
preferable for it to be less than equimolar with the alkoxy groups. If it is equimolar with the alkoxy 
groups or more, the liquid will gel easily during maturing, and the manufacturing of the curable 
composition itself sometimes becomes difficult. Moreover, since the water concentration remaining 
in the liquid is high, problems may be caused in its miscibility with those reactive organic 
compounds among the compounds mentioned below which have particularly high lipophilicities. In 
addition, when it is applied to substrates which repel moisture, its affinity with the substrate will be 
poor, and the liquid may be repelled, or the substrate may be corroded. 
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0009 



On the other hand, if the water content is less than a molar ratio of 0.05 to the alkoxy groups, the 
condensation reaction with the reactive organic compounds mentioned below will be insufficient 
and problems with the coating properties such as whitening of the coating, reduced hardness, or 
reduced solvent resistance may be caused. If the molar ratio of the quantity of water to the alkoxy 
groups is made more than 0.1, the condensation reaction with the reactive organic compounds will 
be accelerated and the effect of preventing problems such as whitening of the coating film which 
occur when the coating is performed, or problems with the coating properties, such as reduced 
hardness, will be marked. Furthermore, if the ratio is made 0.2 or greater, the condensation reaction 
with the reactive organic compounds will be accelerated and it will be possible to form cured 
articles with better hardness and solvent resistance. Furthermore, if it is made 0.3 or greater, the 
self-cross-linking of the alkoxysilane itself will be accelerated and the "reactive ultrafine silica 
powder" mentioned below will be easily formed; therefore, it will be possible to form coatings with 
excellent hardnesses and solvent resistances. 

0010 

Furthermore, if the ratio is made 0.5 or greater, the quantity of hydroxyl groups among the 
functional groups in the reactive ultrafine silica powder can be raised to a molar ratio of about 0.8, 
and the condensation reaction with the reactive organic compounds mentioned below can be easily 
performed by the operation of mixing the two compounds at room temperature. Furthermore, the 
cured articles obtained will have excellent hardness, solvent resistance, weather resistance, etc. The 
maturing can be performed in the presence of an organic solvent such as an alcohol. By having an 
organic solvent present, the storage stability of the liquid curable composition obtained can be 
made excellent Examples of organic solvents which can be used are alcohols, glycol derivatives, 
hydrocarbons, esters, ketones, ethers, etc.; one can use one solvent or a mixture of 2 or more. 

0011 

Examples of alcohols which can be used are methanol, ethanol, isopropyl alcohol, n-butyl alcohol, 
isobutanol, octanol, n-propyl alcohol, acetyl acetone alcohol, etc. Examples of derivatives which 
can be used are ethylene glycol, ethylene glycol monomethyl ether, ethylene glycol monoethyl 
ether, ethylene glycol mono-n-butyl ether, ethylene glycol mono-n-butyl ether, diethylene glycol 
monomethyl ether, diethylene glycol monoethyl ether, propylene glycol monomethyl ether, 
propylene glycol monoethylether, propylene glycol monobutylether, ethylene glycol monomethyl 
ether acetate, ethylene glycol monoethyl ether acetate, propylene glycol monomethylether acetate, 
propylene glycol monoethyl acetate, etc. 

0012 

Examples of hydrocarbons which can be used are benzene, toluene, xylene, etc.; examples of esters 
which can be used are methyl acetate, ethyl acetate, n-butyl acetate, isobutyl acetate, methyl 
acetoacetate, ethyl acetoacetate, etc. One can also use ketones such as acetone, methyl ethyl ketone, 
methyl isobutyl ketone, acetyl acetone, etc., and ethers such as ethyl ether, butyl ether, 2-a- 
methoxyethanol, 2-a-ethoxyethanol, dioxane, tetrahydrofuran, etc. Among these solvents, alcohols, 
especially C1-C4 methanol, ethanol, isopropanol, or butanol are preferable since they can be easily 
handled and have good storage stabilities in the liquid. They also produce excellent properties in 
the cured articles, such as coatings, obtained. Furthermore, by using methanol or ethanol, among 
these solvents, one can easily obtain cured articles with extremely high hardnesses. 
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The quantity of solvent in the composition should be 10-1000 parts by weight, preferably 25-800 
parts by weight, and especially preferably 50-500 parts by weight per 100 parts by weight of the 
alkoxysilane and/or lower alkoxysilane condensate. If it is less than 10 parts by weight, the storage 
stability of the curable composition will be reduced, and it will gel easily. If this quantity exceeds 
5000 parts by weight, the thickness of the coating obtained will be extremely thin. During the 
maturing, it may also be performed in the presence of a curing catalyst, if desired. 

0014 

Examples of catalysts which can be used are inorganic acids, such as hydrochloric acid, nitric acid, 
sulfuric acid, phosphoric acid, etc.; organic acids, such as acetic acid, formic acid, paratoluene 
sulfonic acid, benzoic acid, phthalic acid, maleic acid, propionic acid, oxalic acid, etc.; alkali 
catalysts, such as sodium hydroxide, calcium hydroxide, ammonia, etc.; organic metals, metal 
alkoxides, e.g., dibutyltin laurylate, dibutyltin octylate, dibutyltin diacetate, or other organotin 
compounds; metal chelates, such as aluminum tris(acetylacetonate), titanium 
tetralys(acetylacetonate), titanium bisisopropoxy)bis(acetylacetonate), zrconium 
tetrakis(acetylacetonate), zirconium bis(butoxy)bis(acetylacetonate), and zirconium 
bis(isopropoxy)bisacetylacetonate), etc.; and boron compounds, such as boron butoxide, boric acid, 
etc. However, from the point of view of obtaining storage stability of the coating liquid, as well as 
excellent properties of the coatings obtained, such as hardness, flexibility, etc., it is desirable to use 
1 or more organic acids, metal chelates, metal alkoxides, or boron compounds. 

0015 

Furthermore, desirable kinds of catalysts can be selected according to the kinds of solvents used, 
the substrates to which the coatings are applied, the applications, etc. For example, when 
hydrochloric acid, nitric acid, or other mineral acids are used as catalysts, the storage stability of 
the liquid will be good, and the time required for the maturing discussed next can be shortened; in 
addition, the hardness of the cured coatings, etc., obtained will be excellent. However, they should 
be avoided when the coating liquid is to be applied to readily corroded substrates. In contrast, 
maleic acid, for example, poses little risk of corrosion, and can be matured in a comparatively short 
time; it is also desirable because the hardness of the cured articles obtained and the properties of the 
liquid, such as storage stability, will be especially good. Moreover, in cases of substrates which 
have poor affinities with acidic substances, the use of neutral catalysts mentioned above, such as 
metal chelates or metal alkoxides, will not harm the storage stability of the liquid and will allow 
cured articles with sufficient hardness to be obtained. 

0016 

The quantities of these catalyst components added are not particularly limited, as long as their 
functions as catalysts can be exhibited, but ordinarily the are selected within the range of about 0.1- 
10 parts by weight, preferably 0.5-5 parts by weight, per 100 parts by weight alkoxysilane. The 
methods of compounding these components are not particularly limited; for example, one can use 
the method of dissolving the catalyst components in water beforehand; this is desirable because a 
more uniform composition can be achieved than by the means of compounding them by stirring, 
etc. Furthermore, when catalysts which are easily decomposed by water or other solvents are used, 
it is desirable to compound them with the alkoxysilanes and compound the water or other solvents 
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with [the result] at the time of use. Furthermore, one can also use ones which are added to the other 
components when the catalyst components are used. 

0017 

The maturing of the liquid may be performed by letting it stand at room temperature, but it may 
also be stirred. The time it is left standing is a sufficient one so that the afbrMnantlonfed partial 
cross-linking reaction proceeds far enough so that the desired cured article properties are obtained; 
it also depends on the kind of solvent present. For example, when methanol and/or ethanol are used 
as the solvent, approximately 1 hour or more is sufficient with hydrochloric acid, several hours or 
mbre are sufficient with maleic acid, and about 8 hours to 2 days are preferable. The time required 
for the maturing is also affected by the ambient temperature, but it is sometimes preferable to 
employ a means such as heating the liquid to approximately 20°Cin an extremely dry place. In 
general, the maturing proceeds rapidly at high temperatures, but if the liquid is heated to a 
temperature above the boiling point of the solvent the solvent evaporates and gelling occurs. 
Therefore, heating at a temperature below the boiling point of the solvent is appropriate. However, 
by heating up to the boiling point of the solvent and performing the maturing by refluxing, one can 
complete the maturing in a short time of several hours and also prevent the solvent from 
evaporating away. 

0018 

By performing the maturing thoroughly, the partial cross-linking reaction of the tetraalkoxysilanes 
and/or their lower concentrates, by hydrolysis and concentration, proceeds thoroughly, and the 
microparticles explained below can be formed Therefore, it is thought, whitening and cracking of 
the coating film obtained can be prevented, and the properties of the cured article will be especially 
good in other respects. In general, the method of completing the maturing is that, after the heating 
and hydrolysis are finished, the result is left standing to cool to room temperature. In this way, in 
the liquid which has gone through the maturing process (referred to below as the "matured article"), 
the hydrolyzate of the tetraalkoxysilanes and/or their lower concentrates which has passed through 
the process of partial hydrolysis and condensation by maturing can form microparticles with 
inertial radii of 40 A or less (referred to below as "reactive microparticle silica"). This can be easily 
confirmed by means such as small-angle X-ray scattering. That is, the distribution of the diffraction 
intensities of the incident X-rays, in the presence of microparticles, shows the diffuse scattering, 
called "central scattering " in the direction of the incident rays, i.e., the small-angle X-ray 
scattering. The scattering intensity I is given by Guinier's equation: 

0019 

I = Cexp (-H2Rg2/3) 

(where I: scattering intensity, H: scattering vector (2* sin 2q/l), Rg is the inertial radius of the 
microparticles, C: const., 1: incident X-ray wavelength, 2q: spread angle). 

If the common logarithms of both sides of this equation are taken, log I = log C - (H2Rg2/3); 
therefore, when microparticles are present,the inertial radius of the microparticles can be obtained 
by measuring the scattering intensity, plotting a log-log graph with respect to the scattering vector, 
and obtaining the slope. 
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0020 



Furthermore, when the inertial radius is measured, a certain amount of measurement error is 
sometimes caused by the concentration of the liquid being measured, or by the solvent, etc. 
Reactive microparticle silica with the following inertial radius can also be obtained in cases in 
which, for the sake of accuracy, background corrections with the solvent only and measurements 
with dilute solutions of the liquid being tested are performed. That is, by adding water to the 
tetraalkoxysilane and/or a lower condensate of it in the molar ratio of 0.05 or more with respect to 
their alkoxy groups, and performing the maturing, the tetraalkoxysilane and/or a lower condensate 
of it can be further partially condensed'and particles with inertial radii of 40A or less can be 
formed. For example, it was confirmed by the inventors that, when ethanol is used as the reaction 
solvent and water is added in the molar ratio of 0.57 with respect to the methoxy groups in the 
lower condensate of tetramethoxysilane, the hydrolyzate of the tetraalkoxysilane and/or its lower 
condensate in the maturing article has a inertial radius of 7A in an original solution of 16 wt % 
concentration, converted to silica; when this original solution is diluted 4-fold with ethanol, and the 
silica-converted concentration is made 4.3 wt %, particles with a inertial radius of 6A can be 
formed. Furthermore, when water was added in the molar ratios of 0.3, 0.35, and 0.4 with respect to 
the methoxy groups of tetramethoxysilane using a methanol solvent and a tetramethoxysilane 
monomer, and reaction was performed for 4 hours while refluxing the methanol (at approximately 
65°C), particles with inertial radii of approximately 5, 8, and 15A were formed. 

0021 

These reactive microparticle silicas are extremely fine particles, and it is possible for them to exist 
stably. Their weight average molecular weights, measured by GPC, are about 800-4000, converted 
to standard polystyrene. Furthermore, most of them have weight average molecular weights of 
about 1000-3200. When the maturing was performed by adding water at a molar ratio of 0.57 to 
the methoxy groups in a lower condensate of tetramethoxysilane in the presence of an alcohol 
solvent, such as ethanol, the weight average molecular weight could be made 1300-1800, and 
stable microparticles could be formed 70% or more of which were in the range of about 1600- 
1800. (The molecular weights mentioned above are weight average molecular weights obtained by 
standard polystyrene conversion, on the basis of values measured by GPC.) 

0022 

Since, as mentioned above, this reactive microparticle silica has a very small inertial radius relative 
to its molecular weight, it is inferred to have an ultra-dense structure, and to be a silica with a 
unique form. Moreover, this reactive microparticle silica contains many reactive functional groups 
which can be hydrolyzed and condensed. For example, when water is added in a molar ratio of 0.5 
or more with respect to the methoxy groups in tetramethoxysilane and/or its lower condensates, in 
the presence of ethanol as the reaction solvent, and a hydrolysis and condensation reaction is 
performed, the reactive microparticle silica obtained by the alcohol exchange reaction has 
hydroxyl, methoxy, and ethoxy groups as reactive functional groups. One can easily obtain, for 
example, reactive microparticle silica in which the number of moles of the hydroxyl group is 0.6 
times, or 0.7 times, or preferably 0.8 times or more with respect to the total number of moles of the 
alkoxy groups, i.e., the methoxy and ethoxy groups, and the number of moles of the ethoxy group is 
1 .5 times, and preferably 2 or more times, the number of moles of the methoxy group. Various 
organic components can be used in condensation reactions with the reactive microparticle silicas 
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which have many reactive functional groups of many kinds, in this manner, and excellent 
performances can be shown. 

0023 

The curable compositions which contain condensation reaction products of the hydrolyzates of 
alkoxysilanes which can form the aforementioned reactive microparticle silicas and the reactive 
organic compounds mentioned below have excellent cross-linking reactivities between their 
components when used to form films. For example, they can be cured even at room temperature, 
and curing outdoors is also possible. Furthermore, since the degree of cross-linking among these 
components is raised, the cured articles of this invention, with very good properties, such as high 
hardness, can be formed. The organic compounds mentioned below (the are referred to below as 
"reactive organic compounds")* with 2 or more functional groups which can undergo condensation 
reactions with the hydroxyl or alkoxy groups in the tetraalkoxysilane hydrolyzates mentioned 
above, are reacted with these hydrolyzates. 

0024 

Exaihples of these reactive organic compounds are ones with 2 or more carboxyl groups, hydroxyl 
groups, amino groups, alkoxy groups, etc. (excluding tetraalkoxysilanes), specifically: 

(I) silane couplers (generally, RSiX3, where X is a hydrolyzable group and R is an organic group); 

(H) alkyl alkoxysilicones; 

(III) polymers containing 2 or more of the groups or epoxy structures mentioned above, such as 
alkyl resins, epoxy resins, polyester resins, urethane resins, etc.; and 

(IV) polyhydric alcohols, such as 1,4-butanediol, glycerol, catechol, resorcin, etc. 
0025 

More specifically, one can use, as examples of the silane couplers (I): 
Methyl acrylates such as 

[see original for formula] (1) 
Epoxies, such as 
0026 

[see original for formula] (2) 

0027 

Amines, such as H2NC3H6Si(OC2H5)3, H2NC2H4NHC3H6Si(OCH3)3, 
H2NCONHC3H6Si(OC2H5)3, etc. (3) 

Vinyl compounds, such as CH2=CHSi(OC2H5)3, CH2=CHSi(OCH3)3, 
CH2=CHSi(OC2H40CH3)3, etc. (4) 

Mercapto compounds, such as HS-C3H6Si(OCH3)3, HS-C3H6Si(OC2H5)3, HS- 
C3H6Si(OC2H40CH3)3, etc. (5) 
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0028 

Any of these compounds can be used favorably, but they can be selected as is suitable, depending 
on the kinds of substrates to be coated and the film properties aimed at. For example, when the aim 
is surface treatment of powders, suitable silane couplers may be selected, considering affinities 
with the matrices used in the powders. Furthermore, theadhesiveness with the substrate can be 
improved by selecting a silane coupler with good affinity with the substrate to be coated. Moreover, 
the alky] alkoxysilicones (II) may be 

[see original for formula] (6) 

0029 

Examples of (HI) are the following: 

(1) Acrylic resins 
(a) 

[see original for formula] 
(where R1-R4 are alkyl groups, which may be the same or different); 
(b) structure (a) wth g-methacryloxypropyltrimethoxysilane added; 

0030 

(2) Epoxy resins 

[see original for formula] 
(m = 0 (M=340) t m=l (M=620), etc.); 

(3) Polyester resins 

[see original for formula] 

(4) Polyurethane resins 

[see original for formula] 

0031 

These are examples of the reactive organic compounds, but the reactive organic compounds which 
can be used in this invention are not limited to them; any ones can be used as long as they have 2 or 
more functional groups which can undergo condensation reactions with the hydroxy and/or alkoxy 
groups in the hydrolyzates of alkoxysilanes and/or their lower condensates mentioned above, as 
mentioned in the summary of this invention. Moreover, these reactive organic compounds can also 
be used in combinations of 2 or more, according to the purpose desired. For example, by using 
resin components and silane couplers together, e.g., epoxy resins and epoxy silane couplers, acrylic 
resins and acrylic silane couplers, polyester resins and epoxy silane couplers, one can improve the 
adhesiveness with the substrate and obtain cured articles with improved properties, such as the 
miscibility between the resin component and the tetraalkoxysilane. Furthermore, the 2 or more 
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compounds used may be compounded beforehand or they may be added to the cured substance 
individually. 

0032 

The quantity of reactive organic compound added is ordinarily 1-300 parts by weight, preferably 
4-150 parts by weight, per 100 parts by weight of the cured substance. Especially good film 
properties and liquid storage stability can be obtained when the silica-converted concentration in 
the film is 94-5%, preferably 80-10%. When the quantity of reactive organic compound is too 
great, there is a tendency for the hardness of the cured product obtained to be low, and the liquid 
storage stability of the curable composition also tends to be reduced. If the quantity of reactive 
organic compound is too small, the flexibility of the cured product is reduced and cracks are easily 
produced. Furthermore, when silane coupling agents are used as the reactive organic compounds, 
water can be added to hydrolyze them. This water may be added together with the silane coupling 
agent, or it may be added beforehand during the maturing in order to hydrolyze the 
tetraalkoxysilane. 

0031 

In compounding the condensation product and reactive organic compound, solvents, dispersants, 
curing solvents, etc., may be added, if desired. For example, in performing the film formation 
operations mentioned below, especially by the spray or dipping methods, these solvents or 
dispersants can be added in order to prepare curable compositions with viscosities and non-volatile 
component contents corresponding to the coating conditions, film thickness, etc. Suitable solvents 
are ones which are miscible both with the matured materials and the reactive organic compounds, 
for example, alcohols, glycol derivatives, hydrocarbons, esters, ketones, ethers, etc., either 
individually or in combinations of 2 or more. 

0034 

Specific examples of the alcohols are methanol, ethanol, isopropyl alcohol, n-butyl alcohol, 
isobutanol, octanol, n-propyl alcohol, acetyl acetone alcohol, etc.; the glycol derivatives may be 
ethylene glycol, ethylene glycol monomethyl ether, ethylene glycol monoethyl ether, ethylene 
glycol mono-n-propyl ether, ethylene glycol mono-n-butyl ether, diethylene glycol monomethyl 
ether, diethylene glycol monoethyl ether, propylene glycol monomethyl ether, propylene glycol 
monoethyl ether, propylene glycol monobutyl ether, ethylene glycol monomethyl ether acetate, 
ethylene glycol monoethyl ether acetate, propylene glycol monomethyl ether acetate, propylene 
glycol monoethyl acetate, etc. 

0035 

Examples of the hydrocarbons are benzene, toluene, xylene, etc.; examples of the esters are methyl 
acetate, ethyl acetate, n-butyl acetate, isobutyl acetate, methyl acetoacetate, ethyl acetoacetate, etc. 
Examples of the ketones are acetone, methyl ethyl ketone, methyl isobutyl ketone, acetyl acetone, 
etc., and examples of ethers are ethyl ether, butyl ether, 2-a-methoxyethanol, 2-a-ethoxyethanol, 
dioxane, tetrahydrofuran, etc. In order to promote the condensation reaction of the tetraalkoxsilanes 
and/or their lower condensates and the aforementioned reactive organic compounds, publicly 
known condensation methods such as stirring, heating, etc., can be used, if desired, but it is 
sufficient to mix the compounds together and leave them standing for several hours to several days. 
For example, when silane couplers are used as the reactive organic compounds, the condensation 
reaction with the hydrolyzate in the matured material of this invention is easy; as is clear from the 
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working examples given below, it was discovered by the investigations of the inventors that the 
condensation reaction proceeds if the reactants are merely left standing for several hours at room 
temperature. 

0036 

If the method of mixing the reactants together and letting them stand at room temperature is 
performed, in this manner, equipment such as mixers or heaters is not required, and the operation 
can be performed in an extremely simple manner, and its usefulness is great, since on-site 
processing can be performed. Moreover, the condensation reaction of the two compounds can be 
performed in a short time by heating and stirring. In this case, a condensation reaction can be made 
to proceed in an extremely short time by heating up to the boiling point of the solvent and 
refluxing. At this time, the condensation reaction can be made to proceed still more rapidly by 
adding a catalyst. As the catalyst one can use the catalysts which can be used in the preparation of 
the matured materials mentioned above. In any case, the conditions may be selected according to 
'the kinds of reactive organic compounds used, the desired degree of condensation, etc. 

0037 

In this manner, one can obtain liquid compositions which can provide cured materials with high 
properties and have greatly increased stability in their liquid form by performing condensation 
reactions beween the functional groups in the reactive microparticle silica, which can provide cured 
articles with high hardness, high solvent resistance, high weather resistance, etc., because it is rich 
in reactivity and at the same time is ultra-dense, and the reactive organic compounds which 
correspond to the desired properties. Moreover, some organic resin components are also cases in 
which they are not miscible with the tetraalkoxysilanes and/or their lower condensates, but by 
condensing these hydrolyzates beforehand with silane couplers which have the effect of producing 
miscibility with organic resin components, the miscibility with the organic resin components can be 
improved, so that excellent effects can be achieved by compounding the curable composition of 
this invention with various kinds of organic resin components. Cured articles obtained by curing 
such curable compositions of this invention can be made into molded articles in film and other 
forms, and they will have flexibility and adhesiveness as well as high degrees of hardness and other 
properties. At the same time, for example, the silicon content of the cured articles can be made 80% 
or more, converted to Si02, by selecting the kinds and quantities of the reactive organic 
compounds used. 

0038 

The curable composition of this invention, obtained in this way, can be made into films on 
polymer, metal, ceramic, etc., substrates or fiber materials by using impregnation, spin coating, 
dipping, spraying, etc., methods, and films can be made by mixing the composition with powders. 
In the manufacturing of films, one can, for example, apply the curable composition and then let it 
stand at room temperature for about 1-10 minutes to remove the solvent, after which one can heat 
the result and promote a cross-linking reaction among the components in the liquid by means of a 
dehydration and condensation reaction, curing the film. However, other curing methods which are 
suitable for the purpose one has in mind can also be used. 

0039 

For example, when heating is performed directly without removing the solvent at room temperature 
beforehand, one can made the film surface smooth by adding additives such as foam quenchers or 
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leveling agents at suitable times, or by adding solvents with rates of evaporation which are suitable 
for the conditions of use, such as the curing temperature. Furthermore, the temperature at which the 
heating is performed is not particularly limited, and may be low, as long as sufficient time is 
allowed; ordinarily the cross-linking can be made to proceed at temperatures in a wide range from 
-20°C to about 300°C, but a practical range is about 20°G-200°C The time required for the curing 
depends on the catalyst used, but a coating film with sufficient hardness can be obtained efficiently 
in several minutes' time if it is heated to about 150°C. The heater used may be any general-purpose 
furnace, such as a gas furnace, electrical furnace, etc. Moreover, by means of the curable 
composition of this invention, the hydrolyzate of a tetraalkoxysilane can be formed into 
mlcroparticles by sufficient maturing, and since reactive organic compounds with the desired 
properties are condensed, the miscibilities with the organic components, such as resins, is good, and 
sufficiently large quantities of reactive functional groups, such as hydroxyl and alkoxy groups, can 
be contained; therefore, the rate at which the cross-linking reaction proceeds can be made very 
good Therefore, a heating process is riot particularly necessary; and if the solvent removal process 
is made to proceed by drying at room temperature, the cross-linking reactions of the various 
components in the liquid also proceed, and it is possible to obtain coating films with sufficient 
hardness. Therefore, it is also suitable for outdoor use. 

0040 

Furthermore, when the film curing is performed by drying at room temperature, a somewhat longer 
time is required than when heating is performed, but it is ordinarily sufficient to let the film stand 
for about 12 hours. In this case, moreover, it is desirable to add a catalyst immediately before the 
application is performed. Examples of catalysts used in this case are those which were mentioned 
above, but especially desirable ones are organotin compounds, such as dibutyltin diacetate, 
monobutyltin triacetate, monobutyltin trioctoate, dioctyltin dilaurate, dibutyltin laurylmercaptan, 
dibutyltin dilaurate, bis(dibutyl)tin monoaceate oxide, etc., or amine curing catalysts, such as N-b- 
(aminoethyl)-g-aminopropyl trimethoxysilane, N-b-(aminoethyl)-g-aminopropyl 
methydimethoxysilane, N-b-(aminoethyl)-g-aminopropyl triethoxysilane, g-aminopropyl 
trimethoxysilane, g-aminopropyl triethoxysilane, N-phenyl-g-aminopropyl trimethoxysilane, etc. 
Among these catalysts, it is especially effective to use 1 or more of the following dibutyltin 
diacetate, N-b-(aminoethyl)-g-aminopropyl trimethoxysilane, and N-b-(aminoethyl)-g-aminopropyl 
trimethoxysilane. 

0041 

Furthermore, if desired, one can also compound organic polymers such as resins (e.g., polyesters, 
polyurethanes, acrylic resins, silicone resins, etc., wither resins for general-purpose use or special- 
purpose use) with the curable composition of this invention, described above in detail. One may 
also compound pigments and dyes (carbon black, titanium oxide, iron oxide, and various other 
kinds of pigments and dyes used in colored heed coats, paints, etc. 

0042 

Working Examples 

This invention will be explained in further detail below by giving working examples. Unless 
otherwise noted, the terms "parts" and "% n refer to parts by weight and wt %. 

Working Example 1 
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Synthesis of tetramethoxysilane oligomer 

After 234 g tetramethoxysilane and 74 g methanol were mixed together in a 500-ml4-necked 
round-bottomed flask with a stirrer, reflux condenser, and thermometer attached, 22.2 g 0.05% 
hydrochloric acid were added and a hydrolysis reaction was performed for 2 hours, while refluxlng, 
at an internal temperature of 65°C. Next, the condenser was replaced with a distillation tube and the 
internal temperature was raised to I30°C to distill off the methanol. A partial hydrolyzate was 
obtained in this way. Using gas chromatography, it was confirmed that [the product] was an 
oligomer with a degree of polymerization of 2-8, and the weight average molecular weight was 
found to be 550 by GPC analysis, using polystyrene as the standard substance. 

0043 

The partial hydrolyzate/concentrate obtained (referred to below as "tetramethoxysilane oligomer") 
had a monomer content of 5%. Next, the tetramethoxysilane oligomer was placed in a flask heated 
to 130°C and the gasified monomer was expelled from the system together with an inert gas. 
During this process the temperature was raised to 150°C and held for 3 hours. The 
tetramethoxysilane oligomer after the monomer removal, which was obtained in this way had a 
monomer content of 0.2%. 

0044 

Preparation of matured material 

After this, 62.42 g ethanol were added to 30.77 g of the tetramethoxysilane oligomer after the 
monomer removal, which was obtained in this way, and then 0,31 g maleic acid and 6.50 g 
desalinated water were added. The molar ratio of the water added to the methoxy groups in the 
tetramethoxysilane oligomer was 0.57. This liquid was left standing for 4 days at room temperature 
to mature it, and a matured material (abbreviated below, in the figures and tables, as "RUFS") was 
obtained. 

0045 

Confirmation of microparticles 

Analyses by small-angle X-ray scattering, under the conditions given below, were performed of the 
matured material obtained in the section "Preparation of matured material" (referred to below as 
"composition A"; Si02-converted concentration 16 wt % t 8.1 vol %) and a liquid obtained by 
diluting this liquid approximately 4-fold with ethanol (referred to below as "composition B"; Si02- 
converted concentration 4.3 wt %, 2 vol %). 

Measurement apparatus: Kuratsuki compact camera, made by Antonpaaru Co. 

X-ray source: 50 kv, 200 mA, Cu-Ka rays monochromized with Ni-filter 

Optical system conditions: Distance between sample and light receiving slit = 20 cm; internal vacuum path = 
19 cm; entrance slit = 80 |im; light receiving slit = 200 pm, beam length = 1 6 mm 

Cell used: quartz capillary (diameter approximately 1 mm, thickness 10 pm) 

Other conditions: room temperature. Step scan method; operating range 2q = 0.086-8.1 degrees, 90 sec/point 

0046 

Data correction: The background correction was performed by using the scattering produced when 
the quartz capillary was filled with water. Ex-ray absorption correction was also performed. 
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Analysis software: The slit correction and Fourier transforms were performed by using the analysis 
software ITP-81 (O. Glatter: J. App. Cryst, 10; 415-421 (1977)). 

Figs. 1 and 2 show the measurement data of the scattering intensity with respect to the distance of 
movement of the scattered X-rays in the light receiving slit for compositions A and B (background 
and absorption corrections performed). Figs. 3 and 4 show the point beam data for compositions A 
and B, after the slit correction was performed. 
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From Figs. 3 and 4, the maximum values of the inertial radii were obtained by using Guinier's 
equation: 

I = Cexp(-H2Rg2/3) 

(where I: scattering intensity, H: scattering vector (2* sin 2q/l), Rg is the inertial radius of the 
microparticles, C: const., 1; incident X-ray wavelength, 2q: spread angle). As shown in Figs. 5 and 
6, the results were 7.0A for composition A (assuming a spherical shape, the radius was 9.0A from 
the formula actual radius = ((5/3)Rg)l/2 and 6.0A for composition B (assuming a spherical shape, 
the radius was 7.7A). Furthermore, the results of obtaining the distributions of the radii (assuming a 
spherical shape) by performing reverse Fourier transforms on Figs. 3 and 4 are shown in Figs. 7 
and 8. The maximum values of the radii were approximately 6A and 7A ( respectively. Furthermore, 
the tetramethoxysilane oligomer obtained in the section "Synthesis of tetramethoxysilane oligomer" 
above (after the monomer was removed) was analyzed by small-angle X-ray scattering under the 
same conditions as mentioned above in the section "Confirmation of microparticles"). Fig. 9 shows 
the measured data for the scattering intensity. As is clear from this figure, a microparticle structure 
was not observed. 
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Measurement of molecular weight 

The molecular weight of composition A was measured under the following conditions. 
Degassing apparatus: Shodex DEGAS (Showa Denko Co.) 
Pump: Shimadzu LC6A (Shimadzu Seisakusho Co.) 
Isothermal device: Nishio Kogyo Co. 

Camera: Tosoh TSK-GEL for GPC G-4000H, G-2000H, G-1000H (Tosoh Soda 

Co.) 

0049 

Detector: Shodex RI SE-51 (refractive index detector) (Showa Denko Co.) 

Data receiving device: Shimadzu C-R3 A (Shimadzu Seisakusho Co.) 

Data processing: Personal computer (PC-9801) 

Camera temperature: 40°C 

Injection temperature: Room temperature 

Pump temperature: Room temperature 

Solvent: Tetrahydrofuran, l.Oml/min 
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Molecular weight calculation method: Standard polystyrene conversion 
The results are shown below. 
0050 
Table 1 



No 


Tip 


Molecular 
weights 


Number 
Average 


Weight 
average 


Mw/Mn 


Area % 


1 


22.62 


816 


1327 


1704 


1.28 


-73.12 


2 


23.02 


676 


567 


583 


1.03 


-24.01 


3 


26.02 


236 


269 


271 


1.01 


-2.34 


4 


26.15 


228 


221 


222 


1.00 


-0.18 


5 


26.62 


204 


194 


194 


1.00 


-0.35 


6 


27.15 


182 


182 


182 


1.00 


-0.00 


7 


27.18 


181 


181 


181 


1.00 


0.00 
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Measurement of quantities of reactive functional groups 

After composition A was tightly sealed and left at room temperature for 17 days, the methanol and 
ethanol in the solution were measured by gas chromatography and the moisture content of the 
liquid was measured by the Karl Fischer method. In this way, the quantity of reactive functional 
groups of the reactive microparticle silica in Composition A was calculated. The analysis 
conditions were as follows: 

Gas chromatography conditions: 

Injection temperature: 180°C 

Column temperature: 180°C 

TCD (detector): 200°C 

Carrier gas: He 40 rnl/min 

Current: 100 mA 

Column packing: Porapaq Type Q 

0052 

As a result, the methanol content in the liquid was found to be 18.8% (0.588 ml), the ethanol 
quantity was 56.7% (1 .233 mol), and the quantity of water was 1.21% (0.067 mol); from these 
results, the quantity of water consumed was found to be 0.3008 mol. Therefore, when the quantities 
of the functional groups in the reactive microparticle silica in Composition A were calculated, the 
results were 13.5 mol % methoxy groups, 40.8 mol % ethoxy groups, and 45.2 mol % hydroxyl 
groups. 

0053 
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Preparation of curable composition 

Three days after the preparation of the matured material (at the point when the water was 
compounded with the tetramethoxysilane oligomer), 16.12 parts by weight of a vinyl silane coupler 
(Shin'etsu Chemical Co. "KBM-1003" (chemical formula: CH2=CHSi(OCH3)3; abbreviated 
below in the figures and tables as "VTMS") and 3.30 parts by weight water (molar ratio of 0.57 to 
the alkoxy groups of the silane coupler) were compounded with 80.58 parts by weight of this 
matured material (this composition is referred to below as "Composition C"). This composition was 
left standing for 7 days at 25°G The non-volatile component in Composition C proportion of the 
total weight of the tetramethoxysilane oligomer and the vinyl silane coupler to the total weight of 
the composition) was 40.9%. The silica concentration in the cured article (in the film) corresponded 
to 87%. This composition had a transparent liquid appearance, and the same appearance was kept 
after 7 days from the time the liquid was prepared (the time at which the vinyl silane coupler and 
water were compounded with the matured material); thus, the liquid had excellent stability. 

GC analysis, GPC analysis, and Si-NMR analysis of Composition C 

The GC (gas chromatography) analysis and GPC analysis were performed 2 hours, 1 day, 3 days, and 7 days 
after the composition C (referred to in the figures and tables below as "RUFS/VTMS") liquid was prepared 
(i.e., 74 hours, 4 days, 6 days, and 10 days after the matured material liquid was prepared). The measurement 
conditions were as follows: 

GC measurement conditions: 

Apparatus: Shimadzu Seisakusho Co. GC-14A 

Temperature conditions: Column: 40°C to 250°C (temperature rise rate 10°C/min) INJ 270°C TCD 270°C 
Current: 75 mA 

Camera: J & W Co. Fused silica megapore camera DB-5 

Carrier gas: Column inlet He gas (10 ml/min) Column outlet He gas (40 ml/mi n) 

0055 

GPC measurement conditions: 

Apparatus: Tosoh HLC-802 uR 

Cameras: PLgel 5 micron 50A+100A+100A (3) 

Eluent: THF 

Flow rate: 1 ml/min 

Detector: RI(resin=8) 

Oven temperature: 40°C 

Sample injection quantity: 100 microliters 

The GC charts obtained are shown in Figs. 10-13; the GPC charts are shown in Figs. 22-25. The 
Si-NMR analysis was performed on liquids at 1 day and 7 days after Composition C was obtained 
(corresponding to 4 and 10 days after the matured material liquid was prepared). The measurement 
conditions were as follows: 

0056 

Si-NMR measurement conditions: 
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(1) Apparatus: Broker Co. MSL300 

(2) Probe: Wide probe 

(3) Pulse sequence: Single pulse 

(4) 90° pulse: 7.5 ps 

(5) Repeat time: 5 sec . 

(6) Number of integrations: 128-512 

(7) Measurement temperature: 24-25°C 

(8) Sample quantity: 2 ml 

(9) Relaxation reagent: Ethanol solution of gadolinium nitrate (Gd(N03)3-6H20). Concentration 
1.38 g/10 ml. 100 ml added to 2 ml sample. 

The results are shown in Figs. 34 and 35. 
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Working Example 2 
Preparation of matured material 

In a 1000-ml 4-necked, round-bottom flask with a stirrer, reflux condenser, and thermometer 
attached, 242 g tetramethoxysilane and 293 of a mixed solution of propylene glycol monomethyl 
ether/diethylene glycol monoethyl ether=9/l by weight were mixed, after which 3,2 g 0.1 N 
hydrochloric acid aqueous solution and 58.6 g desalinated water were added at 30°C or lower; 
mixing was performed at room temperature for 1 hour and a hydrolysis reaction was performed. A 
matured material (referred to below as "Composition D") was obtained. 

Measurement of molecular weight 

The molecular weight of composition D was measured under the following conditions. 
Apparatus: Wasters Co. High-temperature GPC 150C 
Camera: One PLgel 500A (5u.) + two 100A (5u) 
Temperatures: Injection 30°C, camera 40 C C* pump 30°C 
Solvent: Ethyl acetate 1.9ml/min 
Detector: Refractive index detector -32 x 1 RIU/FS 
Sample: 100 ul of a 5 wt % sample (diluted with methanol were injected 
Data processing: TosohCo. CP-8000 

Molecular weight calculation method: Standard polypropylene + methyl silicate calibration curve 
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The results are shown in Table 8 below. 
Table 8 



No 


Tip Molecular 
weights 


Number 
Average 


Weight average 


Mw/Mn 


Area % 


1 


24.97 


783 


863 


1.10 


9033 


2 


26.52 


439 


440 


1.00 


6.74 


3 


27.37 


339 


341 


1.00 


2.78 


4 


28.49 


250 


250 


1.00 


0.16 
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The GPC charts obtained are shown in Fig. 46. 

Preparation of curable composition 

Next, 120.1 g vinyl silane coupler (Shin'etsu Chemical Co. "KBM-1003; abbreviated below as 
"VTMS") were added to this matured material and a condensation reaction was performed by 
refluxing for 2 hours at an internal liquid temperature of 66-68°C. After this, 217 g of a mixed 
solution of propylene glycol monomethyl ether/diethylene glycol monoethyl ether^9/l weight ratio 
were added and the condenser was replaced with a distillation tube. The temperature was raised to 
an internal temperature of 130°C and a distillation temperature of 1 19°C, and the methanol 
produced by the hydrolysis and condensation reactions was distilled off. As a result, 670 g of 
"Composition E " a condensate of the matured material and VTMS, were obtained. This 
Composition E had the appearance of a transparent liquid; it kept the same appearance even when 
kept for 4 weeks at 50°C. Therefore, the liquid stability was excellent. 
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GC analysis and GPC analysis 

The GC and GPC analyses were performed after the Composition E was stored for 1 day in a 
refrigerator (5°C or lower). The measurement conditions are given below. 

GC measurement conditions: Same as for Composition C in Working Example 1. 

The results are shown in Fig. 47. 

GPC measurement conditions: Same as for Composition D above. 
The results are shown in Fig. 48. 
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Comparison Example 1 

GC analysis, GPC analysis, and Si-NMR analysis of matured material 

The matured material obtained in the section "Preparation of matured material" of Working 
Example 1 was analyzed by GC, GPC, and Si-NMR analyses 3 days, 4 days, 6 days, and 10 days 
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after it was prepared, under the same conditions as in the section "GC analysis, GPC analysis, and 
Si-NMR analysis of composition C" in Working Example 1. The results are shown in Figs. 14-16, 
26-29, and 36-37. 
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Comparison Example 2 

GC analysis and GPC analysis of hydrolyzate solution of silane coupler 

80.33 Parts by weight ethanol, 3.30 parts by weight water, and .25 parts by weight maleic acid were 
compounded with 16.12 parts by weight of a vinyl silane coupler (Shin'etsu Chemical Co. "KBM- 
1003"). In this solution, the vinyl silane coupler concentration was die same as in Composition C 
The hydrolyzate solution of the silane coupler which was obtained was analyzed under the same 
conditions as in the section "GC analysis and GPC analysis of Composition C" in Working 
Example 1 , and the results are shown in Figs. 17-20 and 30-33. 
*» 
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Comparison Example 3 

GC analysis and GPC analysis of a mixed solution of the matured material and a silane coupler 
hydrolyzate solution 

The matured material obtained in the Section "Preparation of matured material" of Working 
Example 1 and the silane coupler hydrolyzate solution of Comparison Example 2, prepared on the 
3rd day after the preparation of the matured material, were compounded on the 10th day after the 
preparation of the matured material (i.e., the 7th day after the preparation of the silane coupler 
hydrolyzate solution). GC analysis and GPC analysis were performed immediately after the 
compounding; the GC analysis chart is shown in Fig. 21, and the GPC analysis chart in Fig. 34. 
Table 2 shows the relationships of the times elapsed and the figures in the working and comparison 
examples. 
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Table 2 Relationships of times elapsed from the times of preparation of the various analysis 
samples and the figures 7 



Time elapsed 
after prep of 
jukusei 
material 



74hrs 
(3 days) 
4 days 



6 days 
10 days 



immediately 

after 
Composition 

D was 
synthesized 
Composition 
E (kept fori 
day in the 
refrigerator) 

Composition 
E 

n 



Time elapsed 
after prep of 
Composition 
C(VTMS 
added) 



2 hours 
1 day 



3 days 
7 days 



Analysis 
methods 



GC 
GPC 
GC 
GPC 
S i-NMR 
GC 
GPC 
GC 
GPC 
Si-NMR 
GPC 



GC 



GC 



Working 
Example 1 
Composition 
C(RUFS/ 
VTMS) 



Fig. 10 
Fig. 22 
Fig. 11 
Fig. 23 
Fig. 34 
Fig. 12 
Fig. 24 
Fig. 13 
Hg.25 
Fig. 35 



Working 
Example 2 



Comparison 
Example 1 
Jukusei 
material 
(RUFS) 



Fig. 46 



Fig. 47 



Fig. 48 



Fig. 26 
Fig. 14 
Fig. 27 
Hg.36 
Fig. 35 
Fig. 28 
Fig. 16 
Fig. 29 
Fig. 37 



Comparison 
Example 2 

(hydrolyzate 
ofVTMS) 



GC analysis charts 
GPC analysis charts 
Si-NMR analysis charts 

Polypropylene glycol calibration curve of GPC analysis 



Fig. 17 
Fig. 30 
Fig. 18 
Fig. 31 
Fig. 19 
Fig. 19 
Fig. 32 
Fig. 20 
Fig. 33 



Comparison 
Example 3 

Jukusei 
material & 

VTMS 
hydrolyzate 
analyzed & 
immediately 
mixed 



Fig. 21 



Figs. 10-21,47 
Figs. 22-33,46, 48 
Figs. 34-37 
Fig. 38 
0065 

tte^Hn^hl^T ca ? ibration curve of polypropylene glycol in the GPC analysis. Also 
the mult -plot chart and molecular weight distribution of the changes over time in the GPCofthe' 
composmon of Working Example 1 are shown in Fig. 39 and Table 3; the nSXctei 

Companson Example 1 are shown in Fig. 40 and Table 4; the multi-plot chart and molecu In 
weight distribution of the changes over time in the GPC of the silane coupleThX^^^ 
of Comparison Example 2 are shown in Figs. 41 and 42 and Table 5; and the Kto^ds^ 
molecular weight distribution of the changes over time in the GPC of the mtaS ZZnT 
Cornp^son Example 3 are shown in Fig. 43 and Table 6. Furthermore, mXl^ 
Chans 3 days and 7 days after the preparation of Composition C of Wo king E^to l 
mixture of Comparison Example 3 are shown in Figs. 44 and 45. P 
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Confirmation of condensation reaction products 
Confirmation by GC analysis results 

With the matured material (RUFS). in the GC analyses performed 4 days or more after the 
preparation, it has grown into a polymer such that it cannot be detected, as shown in Figs. 14-1 6. 
The retention times of 1-1.3 minutes are the methanol solvent and the methanol of the hydrolysis 
by-product. The peak at 4.7 minutes is not known, but it is thought to be due to the maleic acid of 
the catalyst. Moreover, [the peak at] 7.5 minutes is sec-t-butylbenzene, which was used as the 
internal standard of the analysis. Furthermore, with the hydrolyzate of the vinyl silane coupler 
(VTMS), as shown in Figs. 17-20, monomers in which the functional methoxy group is replaced by 
hydroxyl and ethoxy groups, or a composite of these groups, are shown at retention times of 4-7 
minutes. Similarly, the retention times of 9-12 minutes show dimers, and the times of 12.4-17.3 
minutes show trimers; after this, tetramers were detected. These peaks were identified by using GC- 
' Mass analysis. The hydrolyzate of VTMS was judged to be clearly detectable by GC analysis even 
7 days after the preparation of the solution. 
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On the other hand, as shown in Figs. 10-13, in Composition C, in which the matured material and 
the VTMS underwent a condensation reaction, at the times of 2 hours, 1 day, and 3 days after the 
VTMS was added, the VTMS hydrolyzate was found to be extremely small, compared with the 
quantities detected by GC at the same times in the hydrolyzate of VTMS only, mentioned above. 
Furthermore, after 7 days, the VTMS hydrolyzate could hardly be detected at all. From these 
results, it was concluded that, in Composition C, the matured material, which was the hydrolyzate 
of the tetramethoxysilane oligomer, and the silane coupler (VTMS) were compounded very 
efficiently by the condensation reaction. This is quite evident from the fact that, if we compare Fig. 
1 3, showing the state 7 days after the preparation of Composition C, with Fig. 21 , in which the 
matured material and VTMS hydrolyzate were mixed immediately before the analysis and left 
standing for the same number of days, almost no VTMS hydrolyzate can be observed in the former 
whereas the VTMS hydrolyzate is clearly observed in the latter. Moreover, in Working Example 2 ' 
as shown in Fig. 47, the matured material (RUFS: Composition D) and VTMS were heated and 
reacted for a short time while being refluxed to produce Composition E, and there is very little 
residue of the VTMS hydrolyzate in this composition also. Therefore, it can be seen that the 
matured material and VTMS have reacted and formed a composite. 

0068Confirmation by GPC analysis results 

The molecular weights were obtained by polypropylene glycol conversion, following the 
calibration curve shown in Fig. 38. Concerning the matured material (RUFS). as shown in Figs. 
Tn? 9, Hg ' 4 °' 311(1 TabIe 4 * ^ molecular we ight was gradually raised between the 3rd and the 
10th day after the preparation of the solution, in the range of 843 to 1046 weight average molecular 
S?« ; Concernin 6 toe hydrolyzate of the vinyl silane coupler (VTMS) only, as shown in Figs. 
30-33, 41 , and 42 and Table 5, the molecular weight was gradually raised between 40 minutes and 
7 days after the preparation of the solution, in the range of 186 to 372, but the molecular weight 
range is quite low, compared with that of the matured material. Furthermore, in the GPC analysis 
the samples were diluted to a concentration of 5 wt % with THF (tetrahydrofuran) before 
measurement. In order to determine the effects over time of the THF dilution on the samples a 
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VTMS hydrolyzate solution (5 days after preparation) was diluted with THF and remeasured after 
it was left standing for 3 days, as shown in Fig. 41; there was almost no change in the molecular 
weight Therefore, it was confirmed that the THF dilution operation did not present a problem in 
the analysis. 
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On the other hand, concerning Composition C, in which the matured material and the VTMS 
underwent a condensation reaction, the molecular weight gradually rose from 2 hours to 7 days 
after the VTMS was added, in the range of 660 to 1082 weight average molecular weight, as shown 
in Figs. 22-25, Fig. 39, and Table 3, but the hydrolyzate of VTMS only, which had molecular 
weights of 200 to 400 over time, showed a particular reduction. Based on these results, it was 
thought that the matured material (the hydrolyzate of the tetramethoxysilane oligomer) and the 
silane coupler (VTMS) were compounded with considerable efficiency. This fact is also evident 
from the fact that there was a marked reduction of the low-molecular-weight VTMS hydrolyzate in 
< Composition C, as can be seen from Figs. 44 and 45, which are multi-plots of the GPC charts of the 
liquid 3 and 7 days after the preparation of Composition C and the mixture of the matured material 
andlhe VTMS hydrolyzate immediately before the analysis, which was left standing for the same 
number of days, whereas the high-molecular-weight [VTMS hydrolyzate] increased. 
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Furthermore, the GPC chart of the mixture of the matured material and the VTMS hydrolyzate, 
mentioned above, which were mixed immediately before the analysis, is shown in Fig. 43. and'the 
molecular weight distribution is shown in Table 6. From these, it can be seen that this mixed 
solution is a mixture of the higher-molecular-weight matured material (RUFS) and the lower- 
molecular-weight VTMS hydrolyzate. Moreover, in Working Example 2, also, the composition E 
of Fig. 48, obtained by heating the matured material (RUFS: Composition D) shown in Fig. 46 and 
the VTMS and reacting them for a short time while refluxing, contains a very small residue of the 
VTMS hydrolyzate; therefore, it is thought that the matured material and the VTMS reacted and 
formed a composite. 



Table 3 Mean molecular weights of all of the peaks of the RUFS/VTMS preparation 



Time 
elapsed 
after 


MN 


MW 


MZ 


MV 


MW 


MN 


Area . 


preperation 
of sample 


xlO 3 


xlO 3 


xlO 5 


xlO 3 


/MN 


/MW 


x 10* 


2 hours 


4.12 


6.60 


9.80 


6.60 


1.60 


1.49. 


9.35 


1 day 


5.68 


7.99 


11.21 


7.99 


1.41 


1.40 


9.59 


3 days 


6.61 


9.41 


13.60 


9.41 


1.42 


1.44 


9.88 


7 days 


7.48 


10.82 


15.91 


10.82 


1.45 


1.47 


9.95 



MN: number average molecular weight 
MW: weight average molecular weight 
MZ: Z average molecular weight 



MV: viscosity average molecular weight 
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Table 4 Mean molecular weights of all RUFS peaks 



lime 
elapsed 
attcr 
preperation 
of sample 


MN 
xlO 3 


MW 
xlO 3 


MZ 
xlO 5 


MV 
xlO 3 


MW 
/MN 


MN 
/MW 


Area 
x 10 4 


3 days 


6.97 


8.43 


1.05 


8.43 


1.21 


1.25 


5.21 


• 4 days 


7.06 


8.59 


1.08 


8.59 


1.22 


1.26 


5.11 


6 days 


7^65 


9.46 


1.23 


8.46 


1.24 


1.30 


5.29 


lOdays 
MN: number, 


8.20 


10.46 


140 1 10.46 


1.28 


1.34 


5.58 



WW: weight average molecular weight 

MZ: Z average molecular weight 

MV: viscosity average molecular weight 
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Table 5 Mean molecular weights of all VTMS hydrolyzatc peaks 



Time 
elapsed 

after 
preperation 
of sample 

40 minutes 



MN 
xlO 3 



MW 
xlO 3 



MZ 
xlO 3 



MV 
xlO 3 



MW 
/MN 



MN 
/MW 



Area 
x 10* 



80 minutes 



2 hours 



4 hours 
I day 
3 days 
7 days 



1.73 



1.86 
2.06 



2.02 



1.86 



1.07 



1.90 



2.19 



6.17 
9.18 



2.06 
2.19 



2.05 
T6T 



2.50 



1.82 
T2T 



2.50 



1.13 



1.15 



1.22 



1.09 



2.99 



4.19 



7.28 



2.44 



2.54 



2.70 



2.83 



3.23 



3.49 



3.81 
TIT 



2.93 
T49" 
1/72* 



MN; number average molecular weight 
MW: weight average molecular weight 
MZ: Z average molecular weight 
MV: viscosity average molecular weight 



1.11 

ToT 
T09* 



1.10 

ToT 
TTT 



3.20 
3.35 
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Table 6 Mean molecular weights of all of the peaks of the mixture of RUFS and the VTMS 
hydrolyzate before the measurement 



Time 
elapsed 
after 
preperation 
of sample 


MN 
x 10 3 


MW 
xlO 3 


MZ 
xlO 3 


MV 
xlO 3 


MW 
/MN 


MN 
/MW 


Area 
x 10* 


2 hours 


3.66 


6.25 


9.57 


6.25 


1.17 


1.53 


7.81 


1 day 


3.95 


6.25 


9.58 


6.25 


1.58 - 


1.53 


8.61 


3 days 


4.83 


7.05 


10.68 


7.05 


1.46 


1.52 


8.67 


< 7 days 


5.11 


7.71 


12.19 


7.71 


1.51 


1.58 


9.01 



MN: number average molecular weight 
MW: weight average molecular weight 
MZ: Z average molecular weight 



MV: viscosity average molecular weight 
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Table 7 Working Example 2: mean molecular weights of Composition E 



MN 


MW 


MZ 


MY 


MW 


MN 


Area 


x 10 3 


xlO 3 


xlO 3 


xlO 3 


/MN 


/MW 


xlO 4 


8.16 

R4HT. - 1 


1.12 


1.51 


1.12 


1.38 


1.35 


2.88 



MN: number average molecular weight 
MW: weight average molecular weight 
MZ: Z average molecular weight 



MV: viscosity average molecular weight 
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Table 3 shows the changes over time in the molecular weights and molecular weight distribution of 
Composition C obtained in Working Example 1, from the GPC analysis. Table 4 shows the changes 
over time in the molecular weights and molecular weight distribution of the matured material 
obtained in Comparison Example 1, from the GPC analysis. Table 5 shows the changes over time 
m the molecular weights and molecular weight distribution of the VTMS hydrolyzate obtained in 
Comparison Example 2, from the GPC analysis. Table 6 shows the changes over time in the 
molecular weights and molecular weight distribution of the mixed solution of the matured material 
and the VTMS hydrolyzate in Comparison Example 3, mixed immediately before the measurement, 
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from the GPC analysis. Table 7 shows the molecular weights and molecular weight distribution of 
Composition E obtained in Working Example 2, from the GPC analysis. 
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Confirmation by Si-NMR analysis results 

Figs. 34 and 35 show the analysis charts of Composition C 1 day and 5 days after the VTMS was 
added (corresponding to 4 and 10 days after the preparation of the matured material (RUFS)). Figs. 
36 and 37 show the analysis charts of the prepared matured material (RUFS) solution 4 days and 8 
days after the preparation. Q0*-Q3' in the figures are the peaks which show the degree of cross- 
linking of the Si element from the VTMS, and Q1-Q4 are the peaks which show the degree of 
cross-linking of the Si element from the matured material. For example, when the tetraalkoxysilane 
was completely hydrolyzed and condensed, it became silica (Si02), and the degree of cross-linking 
of the Si at this time (the molar percentage of the oxygen element per mole of the Si element) was 
2.0. The degree of condensation of the Si elements of Composition C and the matured material can 
be obtained from the integrated values of the peak areas of Q0'-Q3 f and Q1-Q4. As a result, in 
Composition C, the value was 1.33 1 day after the VTMS was added and L50 7 days after it was 
added. For the matured material, it was 1.24 4 days after the preparation of the solution and 
approximately 1.32-1.36 10 days after the preparation. From these facts, it can be inferred that the 
degree of condensation of the Si element in Composition C is clearly higher than that of the 
matured material, and the matured material and the vinyl silane coupler (VTMS) have been 
thoroughly condensed. 
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Formation of cured coating material 

An aluminum substrate (JIS 1 100, 0,1 mm thick) was immersed in Composition C, obtained in 
Working Example 1, and withdrawn at a rate of 5 mm/sec. After this coated substrate was left 
standing for 5 minutes at room temperature, it was heat-cured for 1 hour in an electric furnace at 
150°C. The thickness of the coating film obtained was 1.9 microns; its lead pencil hardness was 
9H. Furthermore, no cracks were produced even when it was bent 180° around a stainless steel rod 
with a diameter of 6 mm. The chemical resistance of the coating was tested by dropping 5% 
sulfuric acid on it and letting it stand for 1 day; after this the coating film was examined with the 
naked eye, but no changes were seen. 
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Effects of Invention 

By means of this invention, it is possible to obtain a curable composition which is stable in liquid 
form over long periods. Moreover, by means of this invention, it is possible to obtain coating films 
on various kinds of substrates, such as plates, powders, fibers, etc., with excellent properties, such 
as soiling resistance, heat resistance, scratch resistance, weather resistance, acid resistance, 
chemical resistance, etc.; thick coating films can be obtained which have high degrees of hardness, 
no crack production, and excellent flexibility. Moreover, since it is possible to coat various kinds of 
powder surfaces with a glassy film, and various kinds of silane couplers can be used with [the 
composition of this invention], it exhibits marked effectiveness in adhering with various kinds of 
matrices and fillers, such as FRP, artificial marble, etc. 
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Brief Explanation of Drawings 

Fig. 1 : Measured data of scattering intensity of Composition A 

Fig. 2: Measured data of scattering intensity of Composition B 

Fig. 3: Point beam data of Composition A after slit correction 

Fig. 4: Point beam data of Composition B after slit correction 

Fig. 5: Distribution of inertial radii of microparticles in Composition A 

Fig. 6: Distribution of inertial radii of microparticles in Composition B 

Fig. 7: Distribution of radii of microparticles in Composition A, assuming spherical shapes 

Fig. 8: Distribution of radii of microparticles in Composition B. assuming spherical shapes 

E^L^fTr^T^T^ iDtenSity ° f tetrame *oxysilane oligomers obtained in Working 
< Example 1 (tetramethoxysilane oligomer synthesis section) S 

^nllf?^™* ° h f 2^ ° f Cora P° sition C (RUFS/VTMS) obtained in Working 
Example 1 , 2 hours after the VTMS was added 6 

Fig. 11: Measurement chart ofGC of Composition C (RUFS/VTMS) obtained in Workine 
Example 1, 1 day after the VTMS was added working 

TiL^tTF"? "u^l^ ° f Ccm P° 5ition C (RUFS/VTMS) obtained in Working 
Example 1, 3 days after the VTMS was added * 

^1Z2Z5L1£$£ :L c S sito c (RUFS/V ™ S) obtained in WMkta * 

Xd%rzs„r zggr* ^ M in 

Fig. 17: Measurement chart of GC of vinyl silane coupler (VTMS) hydrolyzate obtained in 
Comparison Example 2, 6 days after the solution was prepared nyQr ° ,yZate ° btained m 

Fig.18: Measurement chart of GC of vinyl silane coupler (VTMS) hydrolyzate obtained in 
Comparison Example 2, 1 day after the solution was prepared 

ctparis^rr/^ ° f l VinyI , Si,anC C ° Up,er hydrol y 2 ^ Gained in 

comparison Example 2, 3 days after the solution was prepared 

SStaSssK^ of ¥ of : iny ! silane coupler (VTMs) hydroiyzate ° btained * 

comparison Example 2, 7 days after the solution was prepared 

vmi IS 5 ea f urem ^" t c hart of GC of mixture of matured material (10 days after preparation! and 
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Fig. 38: GPC calibration curve by polypropylene glycol 
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Fig. 41: Multi-plot of GPC measurement charts indicating effects of THF dilution of vinyl silane 
coupler (VTMS) hydrolyzate obtained in Comparison Example 2 

Fig. 42: Multi-plot of GPC measurement charts showing changes over time in vinyl silane coupler 
(VTMS) hydrolyzate obtained in Comparison Example 2 

Fig. 43: Multi-plot of GPC measurement charts of mixture of matured material and VTMS 
hydrolyzate, mixed immediately before measurement, obtained in Comparison Example 3 

Fig. 44: Multi-plot of GPC measurement charts of mixture of liquid of Composition C 
(RUFS/VTMS) obtained in Working Example 1, 3 days after the VTMS addition, and the matured 
material (6 days after preparation) and the VTMS hydrolyzate (3 days after preparation) in 
Comparison Example 3, mixed immediately before measurement 

Fig. 45: Multi-plot of GPC measurement charts of mixture of liquid of Composition C 
(RUFS/VTMS) obtained in Working Example 1, 7 days after the VTMS addition, and the matured 
material (10 days after preparation) and the VTMS hydrolyzate (7 days after preparation) in 
Comparison Example 3, mixed immediately before measurement 

Fig. 46: GPC chart of Composition D (RUFS) obtained in Working Example 2, immediately after 
synthesis 

Fig. 47: GPC chart of Composition E (RUFS/VTMS) obtained in Working Example 2, after beine 
stored for 1 [day] in refrigerator 

Fig. 48: GPC chart of Composition E (RUFS/VTMS) obtained in Working Example 2, after beine 
stored for 1 [day] in refrigerator 



Fig. 1 

a. Scattering intensity I 



Fig. 2 

a. Scattering intensity I 



Fig. 3 

a. Scattering vector H 
Fig. 4 

a. Scattering vector H 
Fig. 5 
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Fig. 6 
Fig. 7 

a. Distribution b. Radius R 
Fig. 8 

a. Distribution b. Radius R 
Fig. 9 

'a. Scattering intensity I 
Fig. 10 

a. Sec-t-butylbenzene (internal standard) 
Fig. 11 

Fig. 12 

Fig. 13 

Fig. 14 

Fig. 15 
Fig. 16 
Fig. 17 
Fig. 18 
Fig. 19 
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Fig. 20 



Fig. 21 
Fig. 22 

a.. After 2 hours 
Fig. 23 

a. After 1 day 
Fig. 24 

a. After 3 days 
Fig. 25 

a. After 7 days 
Fig. 26 

a. After 3 days 
Fig. 27 

a. After 4 days 
Fig. 28 

a. After 6 days 
Fig. 29 

a. After 10 days 



Fig. 30 

a. After 2 hours 



Fig. 31 

a. After 1 day 



Fig. 32 

a. After 3 days 
Fig. 33 

a. After 7 days 

Fig. 34 

Fig. 35 

Fig. 36 

Fig. 37 

Fig. 38 

Fig. 39 

a. After 2 hours b. After 7 days 
Fig. 40 

a. After 3 days b. After 10 days 
Fig. 41 

a. VMS hydrolyzate (after 5 days) b. Same sample, remeasured after 3 days 
c. VMS hydrolyzate (after 8 days) 

Fig. 42 

a. After 2 hours b. After 7 days 



Fig. 43 

a. After 2 hours b. After 7 days 



Fig. 44 

a. RUFS/VTMS liquid b. RUFS and VTMS hydrolyzate mixed 
immediately before measurement 

Fig.' 45 

a. After 7 days 



Fig. 46 



Fig. 47 

a. Methanol c. [illegible] 

b. Propylene glycol monoethyl ether d. Diethylene glycol monoethyl ether 
Fig. 48 
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